Zircon U-Pb ages from glacial clasts in Quaternary tills of the central Transantarctic Mountains indicate the presence of Grenville-age crust along the Ross Sea margin of East Antarctica. The polymict tills contain a variety of igneous, metaigneous, and metasedimentary clasts with Proterozoic ages not known from basement exposure. Four orthogneiss clasts have igneous ages of ∼1065-1100 Ma and Ross Orogen metamorphic overgrowths of ∼500-550 Ma. The latter ages indicate that these clasts are not glacially far traveled. Grenville-like signatures also come from a paragneiss containing detrital zircons ranging from 925 to 1130 Ma, an early Ross granitoid (∼563 Ma) containing inherited zircons of ∼1020 Ma, and detrital zircons from Neogene and Quaternary glacial deposits with a composite age peak of ∼1045 Ma. Other igneous clasts with ages of ∼1460, ∼1580, and ∼1880 Ma provide further evidence of Proterozoic crust and corroborate earlier finding of an ∼1440-Ma A-type granite clast with isotopic signatures matching similarage granites in Laurentia. Together, the glacial clasts indicate that ∼1
. Paleogeographic setting of East Antarctica in a Neoproterozoic SWEAT (southwest U.S.-East Antarctic) fit of Rodinia (Moores 1991; Dalziel 1991; Goodge et al. 2008) , in present-day East Antarctic geographic reference showing major crustal age provinces. Cross-hatched areas show possible extension of Grenville Orogen from Laurentia toward East Antarctica, connecting either with the Maud province or with the Nimrod province. Continuity of such a belt across East Antarctica is unknown. Stars indicate locations of ∼1.4-Ga igneous clasts (white) and ∼1.1-Ga metaigneous clasts (black gen (Maud belt) separates rocks of the Grunehogna Craton from basement of the East Antarctic Craton in the Shackleton Range, but the continuity of this belt is uncertain. Whether and where these belts continue across the shield are unknown because, with one exception in the Nimrod Group (≥1.7 Ga; Goodge et al. 2001; Goodge and Fanning 2002) , no Precambrian basement is exposed for at least onethird of the cratonic margin along the Transantarctic Mountains (TAM; fig. 1 ). Complementary to the question of Mesoproterozoic orogens in East Antarctica, a long-standing problem in Rodinia paleogeography concerns continuity of the Grenville Orogen outside Laurentia (e.g., Dalziel 1991 Dalziel , 1997 Moores 1991) . Mobile belts with Grenville-like ages are common in the various Rodinia fragments and likely relate to late Mesoproterozoic supercontinent assembly. However, the actual Grenville province-a continental-scale collisional belt-terminates abruptly at the southwestern Laurentia rift margin. The prerift continuation of this belt is unknown.
To study basement beneath the ice sheet along the Ross Sea margin of East Antarctica, we sampled glaciogenic materials sourced from the western continental interior (present-day coordinates) and deposited in the central TAM (2A). The area of focus is the paleogeographic equivalent of crust that now underlies the TAM and the adjacent inland region. Here we present U-Pb zircon age data from lithic clasts entrained in Quaternary glacial tills in the upper Byrd and Nimrod glacier drainages and detrital zircon age spectra from tills and glaciogenic sediments of the Neogene Sirius Group. The former allow us to directly analyze basement rocks from otherwise ice-covered East Antarctic crust, and the latter allow us to assess regional patterns of crustal age distribution (Goodge 2007b) . These new age data provide the first direct evidence of Grenvilleage crust along the Ross Sea margin of East Antarctica and expand the known occurrence of older Proterozoic basement. We suggest that Grenvilleage rocks of Laurentia and associated older Proterozoic belts continue into the central part of East Antarctica, strengthening Rodinia linkages between the formerly conjugate rift margins of western Laurentia and East Antarctica.
Grenville Provinces in Rodinia
East Antarctica's paleogeographic position in the ∼1-Ga supercontinent Rodinia remains controversial (e.g., Goodge 2002; Li et al. 2008) due to its remoteness, poor rock exposure, and lack of Neoproterozoic paleomagnetic poles. Basement connections to present-day India, Africa, and Australia are well known, but identifying its conjugate Rodinia neighbor along the TAM rift margin is difficult because Precambrian basement there is masked by the late Neoproterozoic to early Paleozoic Ross Orogen and younger cover. A key aid in Rodinia reconstructions are Grenville-age (0.9-1.3 Ga) orogenic belts (e.g., Dalziel 1991; Hoffman 1991; Moores 1991 ) whose geometry and age are related to Rodinia assembly. One prominent model, the southwest United States-East Antarctica (SWEAT) connection between the southwestern United States (Laurentia) and East Antarctica (Moores 1991) , predicts continuation of the Grenville Orogen proper across the Ross Sea margin of East Antarctica, yet no discrete Grenville-age basement has been documented in the modern TAM. Grenville-age basement occurs elsewhere in East Antarctica ( fig. 1 ), disrupted by Pan-African (ca. 500-600 Ma) events related to assembly of Gondwana. In the Gondwana sector of East Antarctica, Fitzsimons (2000) distinguished three age provinces of 1030-1090 (Maud), 900-990 (Rayner), and 1130-1330 Ma (Wilkes), which correlate with basement belts, respectively, in Africa, India, and Australia ( fig. 1 ). Within the Maud province, Grenville-age relicts of 1060-1070 Ma are preserved within PanAfrican belts in H.U. Sverdrupfjella (Board et al. 2005 ) and the Shackleton Range ). Igneous and high-grade metamorphic rocks in these separate collisional belts are related to sequential growth of the Mesoproterozoic supercontinent, yet no comparable provinces are known in the TAM.
Suspected Grenville-age basement along the TAM margin of East Antarctica is based on isotopic age provinces defined by ∼500-Ma Ross Orogen granites and detrital zircon provenance in Neoproterozoic-Lower Cambrian rift-margin sandstones. Sr and Nd isotope data from Ross-age granites define isotopic provinces with model ages of about 2.0-2.4, 1.6-1.9, and 1.1-1.5 Ga (Borg et al. 1990; Borg and DePaolo 1994) . The general trend from older evolved crust like that in the Nimrod Group to more juvenile crust south of Scott Glacier resembles that in the Mojave-Yavapai-Mazatzal provinces of southwestern Laurentia (Bennett and DePaolo 1987) . Although representing a mixture of age components, model ages as young as ∼1.2 Ga in the southern TAM granitoids (Borg and DePaolo 1994) indicate hidden Mesoproterozoic crustal sources.
Upper Neoproterozoic to Lower Cambrian (∼670-520 Ma) siliciclastic rift-and passive-margin strata in the central TAM (Beardmore and lower Byrd groups; fig. 1 ) contain abundant detrital zircons in the range 1080-1175 Ma (Goodge et al. , 2004 in addition to populations of about 1.4, 1.6-1.8, and ≥2.5 Ga. A Grenville-age derital-zircon signature is also recognized in rift-margin strata of southeast Australia, Victoria Land, and the Pensacola Mountains (Williams et al. 1992; Ireland et al. 1998; Goodge et al. 2004; Wysoczanski and Allibone 2004; Squire et al. 2006; Fergusson et al. 2007) , suggesting widespread dispersal of clastic material of this age following Rodinia assembly. (Bamber et al. 2000) , showing major iceflow directions and ice divides superimposed on BEDMAP subice surface of East Antarctica (Lythe et al. 2000) . The autochthonous rift-margin succession in the central TAM has an East Antarctic provenance , indicating that Mesoproterozoic crust is a significant component within the adjacent East Antarctic shield. Basement isotopic patterns and detrital-zircon provenance thus provide valuable signatures of Grenville-age basement in the Ross Sea sector of East Antarctica, but they provide only geologically imprecise constraints for correlation due to the processes of geochemical and physical mixing.
U-Pb Age Results
We analyzed nine rock clasts taken from glacial moraines in the upper Byrd and Nimrod glacier areas ( fig. 2 ; Pb age calculations were carried out using ISOPLOT/EX (Ludwig 2003) . The "mixture modeling" algorithm of Sambridge and Compston (1994) was used for complex data sets to define statistical age populations. The appendix, available in the online edition or from the Journal of Geology office, contains sample descriptions, details of the analytical methods and age standards, and tabulation of all zircon U-Pb data by sample.
Lithic Clasts. Igneous and metamorphic rock clasts collected from polymict glacial tills in the upper Byrd and Nimrod glacier drainages represent material eroded directly from the adjacent shield interior (Palmer 2008;  fig. 2B ). Entrained basal debris is brought to the surface by upward flow as the outlet glaciers encounter the TAM flank and deposited at the surface as the surrounding ice ablates (Scofield et al. 1991) . Analysis of the upstream till matrix indicates a strong cratonic signature as compared to down-glacier sites, which show a higher proportion of locally derived cover and Ross Orogen material (Licht and Palmer 2007) . Lithic clasts in the tills include abundant granitoids of diverse composition and texture, gneisses, phyllites, schists, sedimentary diamictites (Beacon Supergroup), and dolerite (Ferrar). A high ice velocity field near the restricted entry to outlet glaciers likely leads to preferential erosion of proximal basement material. Indeed, among glacial clasts studied from the upper Nimrod Glacier area (Brecke 2007) , many are granitoids with geochemical signatures matching petrologically similar rocks from the Granite Harbour Intrusive suite and U-Pb zircon ages of about 490-540 Ma that indicate local derivation from the Ross Orogen. However, several clasts give new information about previously unknown Proterozoic basement in the region (table  1) .
Four clasts are high-grade orthogneisses from moraines inboard of the Miller Range at Argo Glacier and Milan Ridge ( fig. 2B ). All are quartzofeldspathic and banded to weakly layered, and they contain variably strong L-S tectonite fabrics (fig. A1, available in the online edition or from the Journal of Geology office). Metamorphic mineralogy in the gneisses includes biotite, garnet, muscovite, cordierite, and/or sillimanite. Geothermobarometry from three of the samples (AGD, AGG, and MRH) indicates cooling and decompression paths during garnet growth into the Sil stability field over a P interval of 10-4 kbar (Brecke 2007) , consistent with metamorphic P-T paths recorded in the Nimrod Group (Goodge 2007a) . Metamorphism of these gneisses is evident in cathodoluminescence (CL) images as low-Th/U zircon rims overgrown on well-preserved prismatic cores showing oscillatory growth zonation (fig. 3) ; the internal structure and moderate Th/U ratios of the zircon cores and the U ages of ∼550-500 Ma, indicating they are metamorphic overgrowths. We consider this group of clasts to have a common igneous origin with primary ages of ∼1060-1100 Ma and a metamorphic overprint at 500-550 Ma. A pattern of Pb loss indicates that the basement from which they were derived was affected by Ross metamorphism. From this we interpret that the clasts are not far traveled and were derived from Grenville-age metaigneous basement inboard of the TAM margin of East Antarctica. 6C). This age is close to a petrographically similar red rapakivi A-type granite from the upper Nimrod Glacier drainage at Turret Nunatak with an age of Ma (Goodge et al. 2008) . Together the 1441.1 ‫ע‬ 6.4 igneous clasts from the upper Byrd Glacier area indicate that the interior catchment is underlain by Paleo-and Mesoproterozoic igneous crust. None of the clast ages are known from dated rocks of the TAM, although ∼1590-1600-Ma felsic volcanic rock clasts with geochemical affinity to Gawler Range Volcanics were dated from moraines at the Terre Adé lie coast (Peucat et al. 2002) , and ∼1850-Ma granitoids comprise the Donington Suite in the Gawler Craton of South Australia (Parker et al. 1988) .
A red, coarse-grained A-type muscovite-biotite granite from Kon-Tiki Nunatak in Nimrod Glacier, KTW ( fig. A2D ), has high SiO 2 (76.8 wt%), K 2 OϩNa 2 O (8.34 wt%), (peralu-A/CNK p 1.04 minous), and immobile elements Ce (155 ppm) and Zr (328 ppm). This clast contains highly complex igneous zircons, many of which have wide outer rims with moderate to bright CL appearance that show both multistage magmatic growth and inheritance of older age components (figs. 5D, 6D). Fourteen near-concordant analyses cluster at ∼575 Ma with ages ranging from ∼555 to 600 Ma; the variable but low Th/U ratios and CL textures of these zircons indicate an interplay of magmatic and metamorphic crystallization processes during this Pb ages between ∼1010 and ∼1015 Ma. Sample KTW thus represents one of the oldest Ross magmatic rocks yet dated from the TAM, and it appears to have interacted with and/or melted from ∼1.0-Ga igneous basement.
A sample of pelitic paragneiss from the Milan Ridge moraine in the western Miller Range, MRO, contains zircons with a wide variety of ages, CL character, and Th/U ratios (figs. 7, 8). We obtained near-concordant analyses of ∼925 and ∼1130 Ma, Ma; their appearance and 563.0 ‫ע‬ 4.7 age suggest they formed during Ross metamorphism. The variety of zircon types and ages in this sample indicate it is probably a metasedimentary gneiss containing detrital zircons with Grenvilleage and older sources.
Detrital Zircons in Glaciogenic Sediment. To obtain a broad sampling of material from the icecovered area adjacent to the TAM, we analyzed detrital zircon populations from glaciogenic sediments considered to have a provenance beneath the modern ice sheet. Six samples are from the Neogene Sirius Group in the Beardmore and ScottReedy glaciers areas ( fig. 2B ; table 2; McKelvey et al. 1991; Wilson et al. 1998) , collected from stratigraphic sections representing subglacial and fjordal-marine settings. One sample of till matrix (AGCt) was collected from Quaternary moraine near Argo Glacier. Each of the samples yields a unique zircon age spectrum containing dominant populations of either ∼250 or ∼500 Ma, and variable numbers and ages of older zircons (tables A10-A16, available online or from the Journal of Geology office). The two younger populations represent detrital input from Permian and Cambro-Ordovician convergent-margin arc systems, respectively, that evolved along the Gondwana margin of East Antarctica, which are also the dominant populations in Beacon Supergroup sandstones from the Shackleton Glacier area (Elliot and Fanning 2008) .
For our purposes, we grouped the analyses from these seven samples with near-concordant ages 1800 Ma into a composite probability distribution ( fig. 9 ) totaling 121 individual grain analyses (28% of the total). The resulting age distribution shows a dominant age peak at ∼1045 Ma, ranging from 900 to 1200 Ma, and other peaks at about 1780, 2250, 2755, and 3285 Ma. For comparison, we also show representative ages of the North American Grenville province (980-1190 Ma; Rivers 1997), detrital-zircon ages in Neoproterozoic and Lower Cambrian sandstones (Goodge et al. 2004) , and known basement ages from the nearby Nimrod Group (1720, 2500, and 3100 Ma; Goodge and Fanning 1999, 2002; Goodge et al. 2001) . The distribution of Precambrian detrital zircon ages in these glaciogenic sediments thus shows a dominant source comprised by Grenville-age igneous crust, as well as a mixed Paleoproterozoic, Neoarchean, and Mesoarchean provenance. The main detrital age peak, although representing a larger sediment catchment area, and possibly including some recycled zircon from Beacon Supergroup and older strata, is very similar to the glacial clast ages reported here (1065-1100 Ma). It is also similar to a subpopulation of detrital zircon ages between ∼950 and 1270 Ma found in subglacial till matrix at Lonewolf Nunataks (Licht and Palmer 2007) . Although Permian and Cambro-Ordovician detrital zircon populations dominate the glaciogenic sediments, it is unlikely that they contain a large fraction of recycled grains from Beacon Supergroup sandstones. First, only two of our seven glacial samples contain any Permian zircons, yet all of them contain large Ross-age grain populations; this is the opposite pattern in Beacon sandstones, which are dominated by Permian grains due to cratonward fluvial transport from the Gondwana-margin Permo-Triassic arc (Elliot and Fanning 2008) . Second, the Beacon sandstones contain ≤5% of grains older than 800 Ma, compared with 28% of the glacial grain populations, and recycling of grains from the Beacon would not enrich the glacial sediments in older zircons. The different Ross Orogen and Precambrian age distributions in samples of the Beacon Supergroup as compared with those of the younger glacial deposits preclude significant input of cratonic signatures by glacial erosion of existing Beacon foreland-basin sediments. We conclude, therefore, that the glaciogenic sediment detrital zircon populations are representative of glacially eroded crystalline basement.
Discussion
The catchment area of the Byrd and Nimrod glaciers covers a substantial part of the Ross Sea sector of the East Antarctic Craton margin, and lithic clasts in glacial tills impounded behind the TAM provide samples of the ice-covered craton not known from basement exposure ( fig. 2A) . The Ross Orogen metamorphic overprint at ∼500-550 Ma indicates the clasts have a proximal source containing significant Mesoproterozoic and Paleoproterozoic igneous crust. Furthermore, petrographic and geochemical signatures of many of our glacial clasts match closely the granitoids of the ∼500-Ma Granite Harbour Intrusive suite exposed in the central TAM (Brecke 2007) , as would be expected from local derivation. Alternatively, it is also possible that metamorphic clasts of this age were derived from Pan-African-age inliers within the Maud province ( fig. 1 ), but we consider this less likely because the positions of the Last Glacial Maximum and recent drainage divides would prevent long-distance transport toward the present-day central TAM area from Dronning Maud Land. Although metaigneous clasts from the Argo Glacier and Milan Ridge sites have ages (1060-1100 Ma) that resemble those of granitic rocks in H.U. Sverdrupfjella and the Shackleton Range (Board et al. 2005; Will et al. 2009 ), a source closer to the present-day central TAM is most likely.
Multiple glacial clasts in the vicinity of Nimrod Glacier therefore indicate that ∼1.1-Ga Grenvilleage igneous crust lies beneath the East Antarctic ice sheet adjacent to the central TAM. Igneous clasts from the upper Byrd Glacier indicate the presence of previously unknown Paleoproterozoic crust (∼1.6-1.9 Ga), and corroborate earlier finding of an ∼1.4-Ga A-type rapakivi granite clast that has geochemical and isotopic signatures indistinguishable from the large A-type granite province that terminates in southwestern Laurentia ( fig. 1 Goodge et al. 2008) . The presence of a Mesoproterozoic igneous province explains the occurrence in Antarctic rift-margin strata of ∼1.4-Ga detrital zircons that have Hf-isotope compositions also matching the A-type granite province (Goodge et al. 2004 (Goodge et al. , 2008 . Proterozoic igneous crust is also interpreted to be the source of large-amplitude positive magnetic anomalies observed in aeromagnetic and satellite magnetic data (Goodge and Finn, forthcoming) , outlined as the Nimrod igneous province in figure 2B . New U-Pb age data from glacial clasts thus indicate that ∼1.1-Ga Grenville-age igneous crust is an important element of the East Antarctic shield adjacent to the Ross Sea ( fig. 10) . The clast ages overlap that of the Grenville Orogen in Laurentia (980-1190 Ma; Rivers 1997), including igneous rocks in west Texas and the Llano uplift ( fig. 1 ; 1070-1120 Ma; Walker 1992; Reese et al. 2000; Li et al. 2007 ). The source of the glacial clasts in interior East Antarctica may correlate directly with the Grenville province (sensu stricto) in Laurentia, thereby strengthening Rodinia ties of East Antarctica to Laurentia in a SWEAT-like geometry (Dalziel 1991; Moores 1991; Borg and DePaolo 1994; Goodge et al. 2008) . In this case, the older Mesoand Paleoproterozoic granitoid clasts may correlate with igneous rocks of the Mazatzal-Yavapai belts in Laurentia, and the ∼1.4-Ga A-type granitoids that intrude them. If this is true, it implies that the cratonic core of Rodinia included Laurentia, southeastern Australia, and the Mawson Continent part of East Antarctica, which were united before ∼1.1 Ga and to which other elements were added during "Grenvillian" time. These include the crustal blocks of western and northern Australia, which lie outboard of the late Mesoproterozoic AlbanyFraser belt (Cawood and Korsch 2008) .
Alternatively, the assemblage of Grenville-age metaigneous glacial clasts might correlate with other occurrences of this age in parts of Dronning Maud Land and the Shackleton Range ( fig. 10 ). These include a gneissic granite of Ma 1072 ‫ע‬ 10 age in H.U. Sverdrupfjella showing Pan-African overprint (Board et al. 2005 ) and a metagranitoid of Ma age in the eastern Shackleton Range 1059 ‫ע‬ 9 that was also overprinted by Pan-African metamorphism at about 600 Ma ). Although there is little to tie these rocks together other than primary and overprint ages, it is possible they represent broader Grenville-age crustal blocks, perhaps originally coherent, that were finally joined during collisional shortening along the Mozambique belt at ∼600 Ma (Boger and Miller 2004) , followed by reactivation at ∼500 Ma along the Kuunga suture that united East Antarctica, Australia, India, and southern Africa in East Gondwanaland.
Surprisingly similar Grenvillian ages are recently reported from inliers of Proterozoic metamorphic rocks in northern Idaho, just outboard of the Archean Wyoming Craton ( fig. 10 ). These rocks, within the Clearwater metamorphic complex near Boehls Butte (Vervoort et al. 2005) , are considered to be metamorphosed Belt Supergroup protoliths with Lu-Hf isochron ages of , , 1149 ‫ע‬ 4 1056 ‫ע‬ 57 and Ma. Belt-Purcell strata in this region 1006 ‫ע‬ 5 also contain zircons with metamorphic overgrowth ages of ∼1130 Ma (Doughty and Chamberlain 2008) . Occurring in the same area are the ∼1.58-Ga Laclede gneiss (Doughty et al. 1998) hosted by the Hauser Lake gneiss and a ∼1.86-Ga orthogneiss associated with the Boehls Butte anorthosite in northern Idaho (Vervoort et al. 2007 ). The 1.58-Ga Laclede orthogneiss falls within a known magmatic "gap" in western Laurentia of 1580-1620 Ma and therefore is of a distinctive age. The latter orthogneiss has a U-Pb zircon age of 1.86 Ga, and contains garnet giving successive Lu-Hf isochron ages of ∼1.47, 1.38, and 1.10-1.00 Ga. Calc-alkaline metaigneous rocks of 1.86 Ga age also occur in the Little Belt Mountains of Montana (Mueller et al. 2002) , constraining the age of the Great Falls tectonic zone. Together, the co-occurrence of igneous and metamorphic events at ∼1.88-1.86, 1.58, 1.44- Figure 9 . Composite histogram and relative probability distribution (black line) of all detrital zircons 1800 Ma from seven glaciogenic sediment samples, including subglacial diamict, fjordal-marine, and glaciolacustrine deposits of the Neogene Sirius Group (samples from Beardmore and Reedy glacier areas) and Quaternary till from Argo Glacier near the Miller Range. Samples contain large dominant populations of ∼250-and ∼500-Ma zircons (not shown). Also shown for comparison: age distribution of detrital zircons between 900 and 1300 Ma from 12 Neoproterozoic-Cambrian sandstones from the Transantarctic Mountains (gray line; Goodge et al. , 2004 , age ranges of North American Grenville province (dark gray shading; Rivers 1997), and Nimrod Group basement (light gray shading; Goodge and Fanning 1999, 2002; Goodge et al. 2001 ).
1.46, and ∼1.10 Ga in the northern Rocky Mountains and the central TAM provides a set of unique ages that may indicate geologic correlation between the two areas.
Altogether, the newly reported occurrences of Grenville-age metaigneous rocks in various parts of East Antarctica and western Laurentia provide a host of intriguingly similar ages but as of yet provide no spatially unique geologic correlations. Although it is premature to determine the trace and orientation of Grenville-age belts in the interior of the East Antarctic shield, it is clear that igneous and/or deformation belts of this age are present within the reach of the Byrd and Nimrod glacier catchments.
We show a modified SWEAT fit in figure 10B for part of Rodinia based on the paleomagnetically constrained model of Dalziel (1997) , modified after Goodge et al. (2008) . The geometric relationships between Laurentia, Siberia, and Baltica are maintained as in the Dalziel model, and we translated the combined cratons of Australia, India, and Mawson part of East Antarctica as a unit to the south relative to Laurentia in order to align three prominent geologic tracers: (1) the common Gawler province (Australia) source for Pandurra Formation and Belt Supergroup (Prichard Formation) detritus (Fanning and Link 2003) ; (2) the occurrence of ∼1.4-Ga A-type rapakivi granite clasts in glacial tills of East Antarctica that geochemically and isotopically match similar age granites in southwestern Laurentia (Goodge et al. 2008 ; this study); and (3) the occurrence of ∼1.1-Ga igneous clasts in East Antarctica that match Grenville-age basement rocks in western Laurentia (this study). Other geologic correlations reviewed by Goodge et al. (2008) are also indicated in figure 10A . This reconstruction does not resolve which of the Grenville-age areas in Laurentia-either the western end of the Grenville province proper in the Franklin Mountains of Texas or Grenville-age remnants in the northern Rocky Mountains-best correlate with similar-age glacial Figure 10 . A, Geologic linkages between basement provinces in East Antarctica, Australia, India, and Laurentia (modified from Goodge et al. 2008) . Australia, East Antarctica, and India are positioned relative to western Laurentia based on correlation of Precambrian Nimrod and Mojave provinces, stratigraphic and isotopic correlation of Neoproterozoic rift-margin successions in Beardmore and Death Valley-Uinta areas, Pandurra Belt sediment sources in the Gawler Craton, and correlation of ∼1.4-Ga A-type granite occurrences (Borg and DePaolo 1994; Fanning and Link 2003; Goodge et al. 2004 Goodge et al. , 2008 . New geologic correlations between glacial clasts in East Antarctica and Laurentian basement are discussed in the text. Grenville-age metaigneous clasts in central Transantarctic Mountains moraines may correlate with the southwestern termination of the Grenville Orogen, with inliers of Grenville-age metamorphic rocks in Belt-equivalent strata of northern Idaho or with other basement terrains in East Antarctica. Byrd Glacier catchment area shown by diagonal dotted-line pattern. Age sources for Proterozoic provinces cited in text. Inset B shows broader reconstruction of central Rodinia centered on Laurentia. General outline based on paleomagnetic fit of Dalziel (1997) . Coats Land position defined by paleomagnetic pole at 1100 Ma (Gose et al. 1997) . The position of the Kalahari Craton at ∼1 Ga is consistent with paleomagnetic data of Gose et al. (2006) . Goodge et al. (2008) to emphasize extension of the Grenville province into East Antarctica. Continuation of the Grenville province into the Ross Sea sector of East Antarctica explains isotopic patterns and model ages of Ross Orogen granites in the southern TAM (Borg et al. 1990; Borg and DePaolo 1994) , which indicate the presence of late Mesoproterozoic crust, as well as the common occurrence of large detrital zircon populations between 900 and 1200 Ma in Neoproterozoic and Lower Cambrian rift-margin sandstones (Goodge et al. 2002 (Goodge et al. , 2004 Wysoczanski and Allibone 2004) and Neogene glacial deposits (this study). Discovery of ∼1.1-Ga igneous clasts in glacial tills of the central TAM provides a direct sampling of rock material eroded from ice-covered Grenville-age basement. The source of Grenville-age clasts in the Byrd and Nimrod glacier catchments might also be represented by an extension of the ∼1100-1070-Ma Pinjarra Orogen in western Australia (Bruguier et al. 1999; Collins 2003) , a cryptic suture zone that probably played an important role in East Gondwana amalgamation and which Fitzsimons (2003) suggested may continue as a major crustal structure across central East Antarctica. An orogenic belt of this age may underlie the Gamburtsev Subglacial Mountains (Veevers et al. 2008) , although crustal thickness estimates of Block et al. (2009) indicate that the Gamburtsev Mountains represent a highstanding massif lacking a significant crustal root, suggesting that their present-day relief is due to younger reactivation of an older, possibly Grenville-age structure. Regardless of the uncertainties regarding correlation with western Laurentia, the relicts of Grenville-age igneous rocks within PanAfrican terrains in Dronning Maud Land and the Shackleton Range may reflect the presence of a network of ∼1.1-Ga suture belts within central East Antarctica, a part of which may have provided the source of the glacial clasts studied here. Moores (1991) speculated that the Grenville Orogen of Laurentia was continuous with rocks of similar age in Dronning Maud Land of East Antarctica ( fig. 10) , representing a key line of evidence in support of the SWEAT hypothesis. Paleomagnetic data (Dalziel 1997; Gose et al. 1997) indicate that rocks of ∼1100-Ma age exposed in a series of small nunataks in present-day Coats Land lay south of Laurentia and were not continuous with the Grenville belt, yet these are distinct from the Namaqua-Natal-Maud belt that extends from the southern margin of the Kalahari Craton into Dronning Maud Land of Antarctica ( fig. 10 ). Thus, both the paleogeographic positions and relationship of these crustal elements remain highly uncertain (Gose et al. 1997 (Gose et al. , 2006 Dalziel 1997; Jacobs et al. 2008; Kleinschmidt and Boger 2009 ). While it is beyond the scope of this article to resolve the paleogeographic relation of the Coats Land and Kalahari blocks to Laurentia, our data indicate that Grenville-age basement may extend from one of two possible occurrences in western Laurentia into central East Antarctica.
The presence of Grenville-age and older glacial clasts in the central TAM may also help to constrain the age of Rodinia crustal assembly. Dalziel (2010) reasons that because there is no known Grenvillian suture along the boundary juxtaposing the reconstructed Laurentia and Austral-East Antarctic cratons, the combined craton existed before the global Mesoproterozoic-early Neoproterozoic amalgamation of Rodinia. Our data correlating ∼1.4-Ga granitoids between East Antarctica and western Laurentia confirms that these cratons indeed were juxtaposed and pierced by the crustal-derived Mesoproterozoic granite province by at least 1.4 Ga. The finding of Grenville-age metaigneous rocks in East Antarctica, however, raises the possibility that the already assembled Mesoproterozoic supercraton was further modified by orogenic displacements, possibly including intracratonic collision, at about 1.1 Ga.
Examples of Grenville-age remnants occur elsewhere along the paleo-Pacific margin of AustralAntarctica. Fioretti et al. (2005) cited an ∼1120-Ma syenite clast obtained by offshore dredge haul as evidence that the Grenville province extends into Tasmania, but it is not clear whether the polymict coarse sediment of the dredge sample is representative of submerged basement on the South Tasman continental rise, or if the basement has been offset during subsequent Mesozoic Pacific-rim translation. Other offshore samples include an ∼1050-Ma orthogneiss (Berry et al. 2008) indicating the intrusion of Mesoproterozoic granitoids in western Tasmania before and after episodes of metamorphism at ∼1290 and ∼920 Ma. Although this tectonic history is similar to that in the Musgrave belt in Australia, these workers argue that the Grenville-age metaigneous rocks represent Mesoproterozoic basement underlying western Tasmania and may extend into northern Victoria Land of the TAM, thereby strengthening ties between Australia, East Antarctica, and western Laurentia.
No other Grenville-age crust is known in East Antarctica between the Shackleton Range and the Denman Glacier-Windmill Islands area ( fig. 1 ; Sheraton et al. 1992; Moeller et al. 2002; Harley and Kelly 2007; Will et al. 2009 ), covering an arc of about 230Њ around the present-day margin once linked to Australia and Laurentia. Our findings do not negate the suggestion that Grenville-age basement continues from the Pinjarra Orogen in the Denman Glacier area of Wilkes Land across to central East Antarctica in the Nimrod Glacier area ( fig.   1; Fitzsimons 2003) , but a positive correlation is uncertain. Such a continuation, however, might also explain the occurrence of Grenville-age (900-1200 Ma) detrital zircons in Cretaceous and younger deposits in Prydz Bay, whose source may be in the Gamburtsev Subglacial Mountains (Veevers et al. 2008 ). Continuity of a Mesoproterozoic orogen crossing East Antarctica may clarify our understanding of Rodinia assembly and interpretation of subice geophysical data from the Gamburtsev Subglacial Mountains. That the Byrd Glacier catchment overlaps the flank of the Gamburtsevs raises the possibility that this massif may be one source of the Grenville-age debris now found in the central TAM. Because subglacial transport leads to an exponential decline in concentration of clasts with increasing distance from their source (e.g., Clark 1987) , it is unlikely that the Grenville-age clasts in our study were transported directly from the Gamburtsev Subglacial Mountains during a single glacial stage; however, if glacial flow directions have remained relatively stable over time, the consistent flow might be capable of transporting a population of clasts over the greater distances required.
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